This paper presents greenhouse gases (GHGs) emission of refuse-derived fuel-5 (RDF-5) production from municipal waste and palm kernel. There are two cases considered in this study. Case no. I, RDF-5 was produced from municipal waste mixed with palm kernel and case no. II, RDF-5 was produced from municipal waste only or without mixing with palm kernel. Life cycle inventory (LCI) of both types of RDFs production was analyzed. Results showed that the production of 1 kg of the RDF-5 contributed the GHGs emission for case no. I of 1.696 kg CO2-eq, and for case no. II of 1.423 kg CO2-eq. For both cases, the highest GHGs emission derived from plastic, which was one of the major material components.
Introduction
Global warming is a crucial problem in today world and greenhouse gases emission reduction is being prioritized by several countries. Greenhouse gases (GHGs) are gases in an atmosphere that absorb and emit radiation within the thermal infrared range contributing to global warming. Global warming potential (GWP) is measured relative to the same mass of CO2 and evaluated for a specific time scale, it will have a large GWP on a 100 year scale but a small one on a 20 year scale. Carbon dioxide (CO2) emissions contributed mainly by combustion of carbonaceous fuels such as coal, oil, and natural gas. CO2 is a product of ideal, stoichiometric combustion of carbon, although few combustion processes are ideal, and burning coal, which also produces carbon monoxide [1] . Since 2000, fossil fuel related carbon emissions has equaled or exceeded the IPCC's "A2 scenario", except for small dips during two global recessions [2] [3] [4] .
The energy system plays an essential role in accounting of GHGs emissions from waste management systems and waste technologies. Energy from waste for non recyclable wastes is a suitable method of waste management and is important for renewable energy production [5] .
The refuse-derived fuel (RDF) becomes one of the interesting alternatives to solve both global warming and municipal solid waste management problems. Its benefits are not only to improve world environmental quality, but also reduce local economical loss [6] . Many research groups have studied the techniques to utilize refuse fuels, however, most investigations focused on direct combustion or thermal degradation [7] [8] [9] [10] .
At present, municipal waste and agricultural waste become major sources for RDF production. RDF could be produced by mixing dried combustible portions of municipal waste and some agricultural waste.
In southern Thailand, there are several crude palm oil factories that generate a large amount of palm kernel which has high heating value and could be used as fuel in combustion. Furthermore, RDF can be combusted directly or co-fired with other fuels. Even though, direct combustion of RDF may generate heat in very efficient way, however, it may also contribute to global warming during production and usage phases. Consequently, the Life Cycle Assessment (LCA) should be considered in order to estimate the GHGs emission from RDF-5 production. LCA is an internationally standardized method that is able to account for upstream and downstream inputs and emissions related to the life cycle of a product or a service.
The municipal solid waste (MSW) generated in Thailand during 2008-2012 is shown in Fig 1 [13] . In 2012, the volume of MSW was estimated to be about 2 4 .7 3 million tons, 6 7 ,5 7 7 tons per day by the average, and the amount of waste left in the bin to community residents about 15.90 million tons. 
Methodology
The International Organization for Standardization (ISO) has developed international standards that describe how to conduct an LCA (ISO 14040 series) [1] . LCA considers the potential environmental impacts (e.g., use of resources and the environmental consequences of releases) throughout a product are life cycle from raw material through production, usage, end of life treatment, recycling and final disposal of the product (i.e., cradle to grave). LCA has been extensively used over the past several decades by a wide array of organizations for many applications, including strategic planning, priority setting, product or process design or redesign, the selection and tracking of relevant indicators of environmental performance, marketing, eco-labeling, etc. The methodology developed in this study is based on LCA. This methodology consists of four major steps as shown in 
Goal definition
First step in LCA is the definition of the goal and scope. It includes the definition of a reference unit: all the inputs and outputs are related to this reference, which is called the "functional unit". The goal and scope should address the overall approach used to establish the system boundaries. The system boundary determines which unit processes are included in the LCA and must reflect the goal of the study. This provides a clear, full and definitive description of the product or service being investigated, and also enables subsequent results to be interpreted correctly. In this study, the functional unit is 1 kg of RDF-5.
Life cycle inventory
The second step in LCA is an inventory analysis. This is based primarily on systems analysis, treating the process chain as a sequence of subsystems that exchange inputs and outputs. Hence, in LCI, the product system is defined, which includes setting the system boundaries, designing the flow diagrams with unit processes, collecting the data for each of these processes, and ascertaining which emissions will occur.
The inventory involves data collection and modeling of the RDF-5 production, as well as description and verification of data. This encompasses all data related to environmental (e.g., CO2) and technical development. Examples of inputs and outputs quantities include inputs of materials, energy, chemicals and other, outputs of air emissions, water emissions or solid waste. Usually, life cycle assessment inventories and modeling are carried out using dedicated software packages. Depending on the software
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Inventory Analysis Impact Assessment Interpretation package used, it is possible to model life cycle social impacts in parallel with environmental life cycle. The data must be related to the functional unit defined in the goal and scope definition. Data can be presented in tables and some interpretations can be made already at this stage. The results of the inventory is an LCI which provides information about all inputs and outputs in the form of elementary flow from the environment from all the unit processes involved in the study.
Life cycle impact assessment
The last step in LCA is life cycle impact assessment. It is aimed at evaluating the contribution to impact categories such as global warming, acidification, etc, including the impacts in terms of emissions and raw material depletion. The first step is characterization where impact potentials are calculated based on the LCI results. The next step is normalization which provides a basis for comparing different types of environmental impact categories (all impacts get the same unit). In weighting step, a weighting factor to each impact category is assigned depending on the relative importance. This step is necessary to create a single indicator, i.e., kg CO2 equivalent.
Climate change is represented based on the International Panel on Climate Change's 100-year (IPCC) weightings of the global warming potential of various substances. Substances known to contribute to global warming are weighted based on an identified global warming potential expressed in kilograms of CO2 equivalents. In this paper, the damage approach was applied using SimaPro software based on the IPCC GWP 100a Method and the Ecoinvent Database.
Results
A life cycle approach has been used to calculate the GHGs emission from the RDF-5 production as the following;
Goal and scope definition
The purpose of this work is to evaluate the GHGs emission of the RDF-5 production from municipal waste and palm kernel. The study has considered the amount of carbon dioxide equivalent ( kg CO2-eq) per 1 kg of RDF-5.
The aim was the quantification of the comparing the GHGs emission of two cases for RDF-5 production. In case no. I, the RDF-5 was produced from municipal waste mixed with palm kernel. In case no. II, the RDF-5 was produced from municipal waste only or without mixing with palm kernel. The scope of this LCA study is divided into three phases )gate to gate(. The data were collected by direct measurements and literature review. The data analysis includes materials and energy inputs as well as outputs of each stage as follows; RDF-5 production is also located in Thaksin University, Phatthalung province. Materials and energy: Input data is municipal waste, palm kernel and electricity consumption.
Life cycle inventory
In the life cycle inventory analysis, the actual data in the production process at Thaksin University (Phatthalung campus) were collected. The formation of RDF-5 production was done by mixing shredded paper, plastic and palm kernel as shown in Fig 3. Fig. 3 . The materials used in RDF-5 preparation plastic (top), paper (middle) and palm kernel (bottom).
Life cycle impact assessment
The GHGs emission was assessed based on the IPCC method. The results from this method represent the carbon dioxide equivalent (kg CO2-eq). The global warming potential of carbon dioxide equivalent emissions for each type is shown in Table 1 .
The methods consistent with guidance from the Intergovernmental Panel on Climate Change (IPCC) was applied in this study. The result from this method showed the carbon dioxide equivalent (kg CO2-eq). The global warming potential of carbon dioxide equivalent emissions for each material is shown in Table  2 . The result showed the GHGs emission of RDF-5 production from municipal waste and palm kernel by means of life cycle assessment approach. It involves 3 main processes; (1) crushing, (2) mixing and (3) compression. The result obtained in this study is based on 1 kg of RDF-5. In case no. I and case no. II was correspond to GHGs emission of 1.696 kg CO2-eq and 1.423 kg CO2-eq, respectively.
Conclusion
An analytical comparison between two cases of RDF-5 production from municipal waste and palm kernel, were assessed by the internationally standardized method of LCA. This study can be represented GHGs emission in terms of kg CO2-eq/kg of RDF-5. The production of 1 kg of the RDF-5 contributed the GHGs emission for case no. I of 1.696 kg CO2-eq, and for case no. II of 1.423 kg CO2-eq. For both cases, the highest GHGs emission derived from plastic, which was one of the major material components. Meanwhile, the results of this study are dependent on the actual data in Phattalung province. The results of the GHGs emission evaluation in other areas might be different due to material characteristics, technology, and related information.
